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1
METHODS AND SYSTEMS FOR REMOVING
FINES FROM
HYDROCARBON-CONTAINING FLUIDS

RELATED APPLICATION

This application claims priority to U.S. Provisional Appli-
cation No. 61/266,423, filed Dec. 3, 2009, which is incorpo-
rated here by reference.

BACKGROUND OF THE INVENTION

Many hydrocarbon recovery processes leave residual fines
in the hydrocarbon product or outlet streams. The fines are
most prominent in processes which involve direct production
ot hydrocarbon fluids from a mined material such as oil shale,
coal or tar sands. Other sources of fines can include catalyst
material used in hydroprocessing, hydrocracking and/or
other upgrading processes. These fines are often detrimental
to future use of such hydrocarbon fluids containing these
fines. Typical approaches for removing fines from these fluids
can include flocculation, settling, filtration and the like. How-
ever, effective removal of fines from these fluids remains a
challenge. For example, extensive effort is made to remove
fines from shale oil and other hydrocarbons refined from
crude oils commonly using filtration. In tar sand recovery
operations, a large volume of caustic tailings is produced.
These tailings include caustic with some bitumen and fines
suspended in the waste stream. Currently, these tailings are
merely allowed to settle in large settling ponds. Effective
settling ofthe suspended fines can take decades or centuries in
some cases to dewater. Although some efforts are being made
to improve options for treatment of caustic tailings, no eco-
nomically effective options appear to be available.

For these and other reasons, the need remains for methods
and systems which can enable substantial removal of fines
from hydrocarbon-containing fluids in a cost effective man-
ner.

SUMMARY

A method of removing fines from a hydrocarbon-contain-
ing fluid can include preparing a bed media of particulate
earthen material. The hydrocarbon-containing fluid having
fines therein can be passed through the bed media at a flow
rate such that a portion of the fines are retained in the bed
media to form a filtered hydrocarbon-containing fluid. The
flow rate is sufficient to maintain a wetting film of the hydro-
carbon-containing fluid across at least a majority portion of
the particulate earthen material which is contacted by the
hydrocarbon-containing fluid. The filtered hydrocarbon-con-
taining fluid can be recovered from the bed media.

The bed media can be the hydrocarbonaceous material
from which the hydrocarbon-containing fluid is produced
such that production of the hydrocarbon-containing fluid and
removal of fines occurs contemporaneously. Alternatively, in
some cases the bed media can be configured as a dedicated
fines removal bed.

Through processing in this manner, the fines content of the
hydrocarbon-containing fluid is slowly reduced. Advanta-
geously, the filtered hydrocarbon-containing fluid can have
substantially reduced or eliminated fines content.

Additional features and advantages of the invention will be
apparent from the following detailed description, which illus-
trates, by way of example, features of the invention.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-section of a system for removing fines
from a hydrocarbon-containing fluid while simultaneously
producing the fluid.

FIG. 2 is a cross-section of a system for removing fines
from a hydrocarbon-containing fluid subsequent to produc-
tion of the fluid.

Dimensions, materials and configurations are presented in
the figures merely for convenience in describing the invention
and may not represent accurate relative proportions or alter-
native variations which are considered part of the invention.
Some aspects may be exaggerated or vary from practicing
embodiments in order to facilitate clarity.

DETAILED DESCRIPTION

Reference will now be made to exemplary embodiments
and specific language will be used herein to describe the
same. It will nevertheless be understood that no limitation of
the scope of the invention is thereby intended. Alterations and
further modifications of the inventive features described
herein, and additional applications of the principles of the
invention as described herein, which would occur to one
skilled in the relevant art and having possession of this dis-
closure, are to be considered within the scope of the invention.
Further, before particular embodiments of the present inven-
tion are disclosed and described, it is to be understood that
this invention is not limited to the particular process and
materials disclosed herein as such may vary to some degree.
It is also to be understood that the terminology used herein is
used for the purpose of describing particular embodiments
only and is not intended to be limiting, as the scope of the
present invention will be defined only by the appended claims
and equivalents thereof.

Definitions

In describing and claiming the present invention, the fol-
lowing terminology will be used.

The singular forms “a,” “an,” and “the” include plural
references unless the context clearly dictates otherwise. Thus,
for example, reference to “an inlet” includes reference to one
or more of such structures, “a particulate” includes reference
to one or more of such materials, and “a passing step” refers
to one or more of such steps.

As used herein, “adsorption” refers to adherence of fines to
a material via surface interactions largely driven by surface
energy differences and can include physisorption and chemi-
sorption.

As used herein, “filtration” refers to removal of fines from
a fluid via entrapment in pores or openings in the filter media
which are smaller than the size of the fine.

As used herein, “fines” refer to solid particulate material
which is suspended in a fluid and has a size of less than about
0.2 mm. Fines smaller than about 0.1 mm tend to be liberated
or produced during processing of a hydrocarbonaceous mate-
rial from which a hydrocarbon fluid is produced. Particles less
than 20 umin diameter are often present in abundance.

As used herein, “hydrocarbonaceous material” refers to
any hydrocarbon-containing material from which hydrocar-
bon products can be extracted or derived. For example, hydro-
carbons may be extracted directly as a liquid, removed via
solvent extraction, directly vaporized or otherwise removed
from the material. However, many hydrocarbonaceous mate-
rials contain kerogen, bitumen or various grades of coal
which can be converted to a smaller molecular weight hydro-
carbon liquid or gas through heating and pyrolysis. Hydro-
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carbonaceous materials can include, but is not limited to, oil
shale, tar sands, coal, lignite, bitumen, peat, and other organic
materials.

As used herein, “lean material” or similar terminology
refers to a treated hydrocarbonaceous material, such as oil
shale, tar sands, and the like, from which some or all of the
hydrocarbons have been removed.

As used herein “bentonite amended soil” or “BAS” refers
an optional seal layer formed of clay, water and soil or aggre-
gate. BAS typically comprises, by weight, about 6-12% ben-
tonite clay; 15-20% water mixed with soil or aggregate.

As used herein, “wetting film” refers to a fluid film which
is wetted across a particle. A wetting film involves at least
partial coating of a surface. The thickness and degree of
coating is a function of numerous variables, including but not
limited to, temperature, flow rates, fluid properties (e.g. vis-
cosity), particle surface properties (e.g. porosity, surface
energy, roughness, etc.), and interfacial properties (e.g. inter-
facial surface energy, electrostatic interactions, etc.). A wet-
ting film also results in void spaces between some neighbor-
ing wetted particles although immediately adjacent particles
may share a common film.

As used herein, “substantial” when used in reference to a
quantity or amount of a material, or a specific characteristic
thereof, refers to an amount that is sufficient to provide an
effect that the material or characteristic was intended to pro-
vide. The exact degree of deviation allowable may in some
cases depend on the specific context. Similarly, “substantially
free of” or the like refers to the lack of an identified element
or agent in a composition. Particularly, elements that are
identified as being “substantially free of” are either com-
pletely absent from the composition, or are included only in
amounts which are small enough so as to have no measurable
effect on the results of the composition.

As used herein, “about” refers to a degree of deviation
based on experimental error typical for the particular property
identified. The latitude provided the term “about” will depend
on the specific context and particular property and can be
readily discerned by those skilled in the art. The term “about™
is not intended to either expand or limit the degree of equiva-
lents which may otherwise be afforded a particular value.
Further, unless otherwise stated, the term ‘“‘about” shall
expressly include “exactly,” consistent with the discussion
below regarding ranges and numerical data.

Concentrations, dimensions, amounts, and other numerical
data may be presented herein in a range format. It is to be
understood that such range format is used merely for conve-
nience and brevity and should be interpreted flexibly to
include not only the numerical values explicitly recited as the
limits of the range, but also to include all the individual
numerical values or sub-ranges encompassed within that
range as if each numerical value and sub-range is explicitly
recited. For example, a range of about 1 to about 200 should
be interpreted to include not only the explicitly recited limits
of 1 and about 200, but also to include individual sizes such as
2, 3, 4, and sub-ranges such as 10 to 50, 20 to 100, etc.

As used herein, a plurality of items, structural elements,
compositional elements, and/or materials may be presented
in a common list for convenience. However, these lists should
be construed as though each member of the list is individually
identified as a separate and unique member. Thus, no indi-
vidual member of such list should be construed as a de facto
equivalent of any other member of the same list solely based
on their presentation in a common group without indications
to the contrary.
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Removing Fines from Hydrocarbon-Containing Fluids

A method of removing fines from a hydrocarbon-contain-
ing fluid can include preparing a bed media of particulate
earthen material. The hydrocarbon-containing fiuid having
fines therein can be passed through the bed media at a flow
rate such that a portion of the fines are retained in the bed
media to form a filtered hydrocarbon-containing fluid. The
flow rate is sufficient to maintain a wetting film of the hydro-
carbon-containing fluid across at least a majority portion of
the particulate earthen material which is contacted by the
hydrocarbon-containing fluid. The filtered hydrocarbon-con-
taining fluid can be recovered from the bed media.

The bed media can be the hydrocarbonaceous material
from which the hydrocarbon-containing fluid is produced
such that production of the hydrocarbon-containing fluid and
removal of fines occurs contemporaneously. FIG. 1 illustrates
such a case where a system 10 for removing fines from a
hydrocarbon-containing fluid includes a gravity drain bed 12.
The gravity drain bed has a bed media of hydrocarbonaceous
material which is initially hydrocarbon-rich. The bed can be
partially or completely enclosed. In some applications, the
bed media can be at ambient pressures and/or exposed to open
conditions. Alternatively, the bed media can be substantially
fully enclosed by a suitable encapsulation barrier 14. This
barrier can be any suitable barrier which prevents undesirable
passage of fluids into or out of the bed media. Non-limiting
examples of suitable barriers can include bentonite amended
soil, concrete, steel, composites or the like. Optional addi-
tional internal layers can also be provided to form a multi-
layer system. For example, an additional particulate layer can
be formed to provide a thermally insulative barrier where
vapors can be cooled and condensed within an outer fluid
barrier layer (e.g. bentonite amended soil).

As the appropriate conditions are maintained (i.e. depend-
ing on the type of hydrocarbonaceous material), a hydrocar-
bon-containing fluid is produced which flows throughout the
bed media. These conditions generally involve heating for a
specified period of time. For example, an oil shale material
can be heated at a temperature from about 200° F. to about
700° F. At these temperatures, kerogen within the oil shale is
pyrolyzed to form hydrocarbons. Similar conditions can also
be customized and applied to tar sands, coal, and other hydro-
carbonaceous materials. Typically, both gases and liquids are
produced during such processes. However, liquids will con-
tain the undesirable fines. The liquids flow through the par-
ticulate bed media by gravity drain to a fluid outlet 16. The
nature of this flow is described in more detail below but is
carefully controlled so as to allow a wetting film to be main-
tained across at least portions of the bed media. The fluid
outlet can be configured to allow collection of filtered hydro-
carbon-containing fluid for transport and/or further process-
ing. This approach can be an effective method to produce a
useful hydrocarbon product and simultaneously withdraw
problematic fines from the hydrocarbon product.

Alternatively, in some cases the bed media can be config-
ured as a dedicated fines removal bed. This can be useful, for
example, when the production step for the hydrocarbon-con-
taining fluid does not involve suitable earthen material and/or
when other processing considerations prevent the desired
conditions for formation of a wetting film. In these cases, the
hydrocarbon-containing fluid is introduced into the bed
media subsequent to production of the hydrocarbon-contain-
ing fluid from a corresponding hydrocarbonaceous material.
FIG. 2 illustrates a dedicated fines removal system 20. A
hydrocarbon-containing fluid source 22 can provide hydro-
carbon-containing fluid which is passed through the bed
media 24. A fluid delivery inlet 26 can be configured to allow
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introduction of the hydrocarbon-containing fluid from the
source into the bed media. Although not required, the inlet can
also include a diffuser 28 or other similar mechanism to
distribute the hydrocarbon-containing fluid across the bed
media. Such a diffuser can help to increase fluid contact
surface area by reducing channeling and unused portions of
the bed media. In FIG. 2, an outlet 30 can be used to withdraw
fluids from the bed media. Optionally, the system can include
a barrier 32 which includes a sloped bottom to facilitate
collection of fluids.

The bed media can be any particulate earthen material
which adsorptively binds with the fines from the hydrocar-
bon-containing fluid. The specific choice of bed media can
depend on the nature of the hydrocarbon-containing fluid and
associated processing conditions. However, non-limiting
examples of suitable particulate earthen material can include
oil shale, tar sands, coal, soil, and combinations of these
materials. In one aspect, the particulate earthen material can
be oil shale. Either lean (e.g. spent) or unspent materials can
be suitable. Although not always required, the hydrocarbon-
containing fluid can be produced from a hydro carbonaceous
material where the particulate earthen material is of the same
material type as the hydrocarbonaceous material. For
example, shale oil can be passed through oil shale or tar sand
oil passed through tar sands.

The particulate earthen material can have an average size
which is effective to provide surface area across which the
hydrocarbon-containing fluid can flow. Although other
dimensions may be suitable, generally the material has an
average size from about 0.06 mm to about 1 m. In one aspect,
the average size is from about 2 cm to about 1 m (e.g. oil shale
or coal). In another aspect, the average size is from about 0.06
mm to about 5 mm (e.g. tar sand).

The hydrocarbon-containing fluid can be any hydrocarbon
fluid which has undesirable fines contained therein. Non-
limiting examples of hydrocarbon-containing fluids include
shale oil, tar sand tailings, coal liquefaction products, and
combinations thereof. Shale oil can be produced using any
suitable technique including, but not limited to, In Capsule
(U.S. application Ser. No. 12/028,569 which is incorporated
herein by reference), surface retort, in situ, or the like. Tar
sand tailings can be most commonly formed from the well
known caustic hot water process. Coal liquefaction products
can be obtained using a variety of methods including, but not
limited to, solvent extraction, carbonization, hydrogenation,
and the like. Many of these liquefaction products include
substantial silica fines liberated from the source coal during
conversion. Thus, the hydrocarbon-containing fluid source
can be an oil shale system, a tar sand system (or tar sand
tailing pond), a coal liquefaction system, or any other hydro-
carbon production system which leaves fines in the hydrocar-
bon product or other by-product streams.

As the hydrocarbon-containing fluid flows through the
media bed, the flow rate is kept so as to maintain a wetting film
of the hydrocarbon-containing fluid across the particulate
earthen material. This can be controlled by adjusting various
variables, for example, earthen material particle size, with-
drawal flow rates, and the like. In the case of simultaneous
production and fines removal, the heating rate, pressure, and
heat flux, can be adjusted. Similarly, in the case of dedicated
removal beds, the inlet flow rate of fluid, bed particle size and
bed temperature can be varied. Regardless, the wetting film
can cover at least a portion of the particulate earthen material.
Although efficiency is generally desirable to utilize as much
surface area as possible, less than the entire media bed may be
used. Generally, at least a majority portion of the particulate
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earthen material which is contacted by the hydrocarbon-con-
taining fluid can be covered by a wetting film.

Although film thickness can vary with location and specific
conditions, the film thickness and flow rate along the film can
be sufficient to allow mass transfer of fines to the surface of
the particulate earthen material. The fines diffusively migrate
across the film to the surface. Often the fines are attracted to
the surface due to electrostatic interactions, although other
forces can contribute to attraction. Conditions within the par-
ticulate earthen material can be maintained such that the
wetting film thickness does not exceed an equilibrium film
thickness. The equilibrium film thickness corresponds to a
film thickness which occurs when no additional oil is added
and the film is at a steady state, i.e. not decreasing. Non-
uniform conditions are typically present throughout the par-
ticulate earthen material. However, in one aspect, equilibrium
film thickness is not exceeded over at least 10% by volume of
the earthen material. In some cases, the equilibrium film
thickness is not exceeded over at least 30% by volume of the
earthen material. The wetting film can typically have a thick-
ness less than about 1 mm, and often less than about 0.5 mm.
However, it is understood that these thicknesses can be a
function of viscosity and other variables. Further, the method
can be relatively slow to allow a high surface area contact with
large volumes of the fluid. In one aspect, the flow rate is
sufficient to provide a residence time of the hydrocarbon-
containing fluid from about 2 days to about 4 months. This
system can employ once through fluid flow or the fluid can be
repeatedly circulated through the bed to increase fines
removal. As a general rule, maintaining conditions where
equilibrium film thickness is not exceeded can involve con-
trolled slow initial heating of the earthen material. As aresult,
extended heating times can range from several weeks to sev-
eral months. Heating can be provided using any suitable
heating source. Generally, a heat source can be thermally
associated with the bed media of earthen material. Non-lim-
iting examples of suitable heating sources can include com-
bustors, heating conduits embedded in the bed media, con-
vective heat gas source, electrical resistance heaters,
combinations of these sources, and the like.

The bed media can have any shape which is functional to
allow fluid to contact and flow through the particulate earthen
material. Internal baffles or other means can be used to direct
fluid flow and increase surface area contact with the particu-
late earthen material. Although almost any depth may be
functional, the bed media often has a vertical depth from
about 1 meter to about 40 meters. Furthermore, the bed media
can be substantially stationary during the passing the hydro-
carbon-containing fluid through the bed media. Although
additives may be used, in one aspect, the bed media can be
substantially free of synthetic materials. Through maintain-
ing a wetting film, retention of the portion of fines in the bed
media is primarily through adsorption rather than filtration.

The hydrocarbon-containing fluid ultimately is slowly
reduced in fines content. The degree of removal is a function
of film thickness and residence time, among other factors.
Advantageously, the filtered hydrocarbon-containing fluid
can have substantially reduced fines content. In some aspects,
the filtered hydrocarbon-containing fluid can be substantially
free of fines.

It is to be understood that the above-referenced arrange-
ments are illustrative of the application for the principles of
the present invention. Thus, while the present invention has
been described above in connection with the exemplary
embodiments of the invention, it will be apparent to those of
ordinary skill in the art that numerous modifications and
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alternative arrangements can be made without departing from
the principles and concepts of the invention as set forth in the
claims.

What is claimed is:

1. A method of removing fines from a hydrocarbon-con-
taining fluid, comprising:

a. preparing a bed media of particulate earthen material;

b. passing the hydrocarbon-containing fluid having fines

therein through the bed media at a flow rate such that a
portion of the fines are retained in the bed media to form
a filtered hydrocarbon-containing fiuid, said flow rate
being sufficient to maintain a wetting film coated on
individual particles of the particulate earthen material,
the wetting film comprising a liquid of the hydrocarbon-
containing fluid across at least a majority portion of the
particulate earthen material which is contacted by the
hydrocarbon-containing fluid; and

c. recovering the filtered hydrocarbon-containing fluid

from the bed media.

2. The method of claim 1, wherein the passing the hydro-
carbon-containing fluid includes introducing the hydrocar-
bon-containing fluid into the bed media subsequent to pro-
duction of the hydrocarbon-containing fluid from a
hydrocarbonaceous material.

3. The method of claim 1, wherein the hydrocarbon-con-
taining fluid is produced from a hydro carbonaceous material
and the particulate earthen material is of the same material
type as the hydrocarbonaceous material.

4. The method of claim 1, wherein the particulate earthen
material is selected from the group consisting of oil shale, tar
sands, coal, and combinations thereof.

5. The method of claim 1, wherein the particulate earthen
material is oil shale.

6. The method of claim 1, wherein the particulate earthen
material has an average particle diameter from about 0.06 mm
to about 1 m.

7. The method of claim 6, wherein the average size particle
diameter is from about 2 cm to about 1 m.

8. The method of claim 6, wherein the average size particle
diameter is from about 0.06 mm to about 5 mm.

9. The method of claim 1, wherein the hydrocarbon-con-
taining fluid is selected from the group consisting of shale oil,
tar sand tailings, coal liquefaction product, and combinations
thereof.

10. The method of claim 1, wherein the wetting film has a
thickness less than about 1 mm.
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11. The method of claim 1, wherein the flow rate is suffi-
cient to provide a residence time of the hydrocarbon-contain-
ing fluid from about 2 days to about 4 months.

12. The method of claim 1, wherein at least a portion of the
wetting film has a thickness which does not exceed an equi-
librium film thickness.

13. The method of claim 12, wherein the portion of the
wetting film is at least 10% by volume of the particulate
earthen material.

14. The method of claim 1, wherein the bed media is
substantially stationary during the passing the hydrocarbon-
containing fluid through the bed media.

15. The method of claim 1, wherein retention of the portion
of fines in the bed media is primarily through adsorption
rather than filtration.

16. The method of claim 1, wherein the filtered hydrocar-
bon-containing fluid is substantially free of fines.

17. The method of claim 1, wherein the fines have an
average particle diameter of less than about 0.2 mm.

18. The method of claim 1, wherein the fines have an
average particle diameter of less than about 20 pm.

19. The method of claim 1, wherein the bed media has a
vertical depth from about 1 m to about 40 m.

20. The method of claim 1, wherein void spaces are present
between at least a majority of neighboring wetted particles.

21. A method of removing fines from a hydrocarbon-con-
taining fluid, comprising:

a. preparing a bed media of particulate hydrocarbonaceous

material;

b. producing a hydrocarbon-containing fluid having fines
therein from the particulate hydrocarbonaceous material
such that while the production is occurring the hydro-
carbon-containing fluid passes through the bed media at
a flow rate such that a portion of the fines are retained in
the bed media to form a filtered hydrocarbon-containing
fluid, said flow rate being sufficient to maintain a wetting
film coated on individual particles of the particulate
earthen material, the wetting film comprising a liquid of
the hydrocarbon-containing fluid across at least a major-
ity portion of the particulate hydrocarbonaceous mate-
rial which is contacted by the hydrocarbon-containing
fluid; and

c. recovering the filtered hydrocarbon-containing fluid
from the bed media.
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